The adaptive power control of CDMA (Code Division Multiple Access) communications between multiple MSs (Mobile Stations) with a link-budget based SIR (Signal-to-Interference Ratio) estimate is applied to inner loop power control algorithms. CTR (Consecutive Transmit-Power-Control Ratio) calculated from these algorithms can estimate MS speed, together with MS moving distance, but cannot estimate MS position. In this paper, RRH (Remote Radio Head) is introduced and it is concluded that BS (Base Station) calculates MS distance with CTR from one of RRHs, in addition BS that has RSSIs (Received Signal Strength Indicators) information from other two RRHs can estimate MS position.
Introduction
 MSs (Multiple Mobile Stations) need mobile wireless network to share data between MSs and a possible network is CDMA (Code Division Multiple Access). CDMA different from TDMA and FDMA uses same frequency for multiple users. Since all users utilize a single frequency, the near-far effect is generated [1] . To eliminate the near-far effect in CDMA systems, the transmission signal power from every MS must be the same level at the receiver. This technique of controlling the magnitude of the transmission power according to distance between MS and BS (Base Station) is officially termed power control. It equalizes the received power and eliminates the near-far effect, though it is subject to such complications as path loss, shadowing, multi-path fading, etc. It is called adaptive power control when adaptive algorithm is applied to update RF power.
This power control technique is differentiated into open loop power control and closed loop power control. The closed loop power control is further divided into inner loop power control and outer loop
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power control. The inner loop power control is responsible for adjusting the power transmitted to maintain the received SIR (Signal-to-Interference Ratio) at BS at a level equal to that at the SIR target . The outer loop power control is responsible for setting the SIR target based on the BER (Bit Error Rate) or service requirement.
In general, an aircraft measures its air speed by pitot tube and calculates its ground speed by GPS/INS (Global Position system/Inertial Navigation System). In these days, there is an effort that optic flow measurements from CCD camera have been used to augment GPS/INS to provide more precise velocity information [2] . GPS/INS which provides speed, position and attitude information, however has errors when GPS is not available or cannot provide exact information when communication system is not robust.
Measuring speed by SIR estimate is attempted when other speed measurements are not available. Conventional SIR estimates [3, 4] consider only the transmission power and the link-gain, and a CTR (Consecutive Transmit-Power-Control Ratio) is introduced for speed estimation in Ref. [5] because a faster mobile is likely to receive more CTR than a DA VID PUBLISHING D Mobile Station Position Estimation using Remote Radio Head with Adaptive Power Control 14 slower one. The paper [6] takes into account the link-budget, which has more realistic parameters including distance information and path loss than the link-gain and shows more exact relationship between speed and CTR.
BS which has one antenna estimates MS speed only, however, it cannot provide MS position information. This paper introduces MS distance and position estimation using RRH (Remote Radio Head) [7] on the basis of speed estimation of adaptive power control. In Fig. 1 , BS that installs three RRHs calculates MS distance with CTR from RRH-A, and BS calculates MS distance with the RSSI (Received Signal Strength Indicator) ratio from RRH-B and RRH-C which measure received signal strength from MS.
This paper is organized as follows: The literature related to this work is surveyed in Section 2. The inner loop power control is described in Section 3. The review of the link-budget based SIR estimate is introduced in Section 4, followed by description of simulation environments in Section 5. The simulation results are analyzed in Section 6. Finally, conclusions are drawn in Section 7.
Related Work
Kim et al. [8] Patachaianand and Sandrasegaran [4] compared performances of the AS-CLPC, BA-CLPC, SA-CLPC, and M-ACLPC in terms of PCE (Power Control Error) under the same simulation environment. In their comparisons, the AS-CLPC showed the best performance when the MS speed was lower than 25 km/h, while the SA-CLPC was the best when the speed was greater than 25 km/h. Patachaianand and Sandrasegaran [4] presented the CS-CLPC (Consecutive TPC Ratio (CTR)
Step-size Closed Loop Power Control) algorithm whose power control step-size is determined based on a parameter called CTR. They measured the moving MS speed by CTR, then, calculated the PCE as the RMS (Root Mean Square) of the difference between the received SIR and the SIR target . They also suggested in Ref. [5] the mapping equation and mapping table which can yield accurate speed estimation using CTR.
Lee [6] presents MS speed estimation with multi-bit quantizer in Adaptive Power Control. The algorithm shows linearity between speed and CTR of CS-CLPC, and FSPC (Fixed Size Power Control), but CTR of AS-CLPC is independent of its speed. With this linearity, MS moving distance can also be calculated.
Inner Loop Power Control
In CDMA, the process of inner loop power control occurs as follows: In the reverse link direction (from MS to BS), the transmission power information goes to BS. At BS, the SIR target and the received SIR are calculated from the transmission power, the link-gain, and the noise power. Based on these factors, BS sends a TPC (Transmit-Power-Control) command to each MS at rate of 1,500 Hz, or Sample Time (T S ) (= 0.667 ms) in the forward link direction (from BS to MS). This power equalization increases the maximum communication number between MSs and consequently eliminates the near-far effect.
Review of Link-Budget Based SIR
Changes in transmission power [3, 4, 6] are represented in Eq. (1).
where, P i (t) is the transmission power, δ i (t) is the power control step-size, and TPC i (t) [6] is the TPC command for the ith MS (MSi here) at time t. The paper [6] introduces the link-budget based SIR
where, SIR target,i (t) (= SIR target (t) here) is the target SIR,

SIR i (t) is the received SIR from the ith MS at time t, μ
where, P R,i is the received power from the ith MS. P R,ji is the received power from the jth MS with BS to which the ith MS connects. The received power is affected by factors including the free space loss [13, 14] which has distance information and gaseous path loss [15] varied by humidity. The speed is estimated from moving distance per T S and SIR i (t) is measured by distance variation.
The power delivered to the receiver of BS [6] is:
, and L G (D i ) are the transmission antenna gain, the transmission power, the received antenna gain of the ith MS, the free space loss, and the gaseous path loss, respectively (the component loss is ignored here.). The speed is estimated from moving distance of free space loss.
As MS1 moves away, the inner loop power control algorithms alter the transmission power to compensate for distance between BS and MS1. Eq. (5) [4, 6] measures the CTR as follows:
where, m = t if t < w, and m = w if t ≥ w. w is the maximum size of the window average and SF is scale factor.
There are several algorithms addressing inner loop power control in Fig. 2 , speed and distance are estimated by CS-CLPC with the link-budget based SIR in this paper.
MS1 moves for 42,000 × 0.667 ms (the number of the sample = 42,000) at different speeds listed in Table 1 . 
Simulation Environments
The frequency, the temperature, the pressure, and the bandwidth used here are set to 2.0 GHz, 288 K, 1,013 hPa, and 5 MHz, respectively. In Fig. 3 , five MSs are arranged and D i s are set to 100 m, 200 m, 300 m, 400 m, and 500 m. The antenna gain of each MS is set to 0 dB, as is the antenna gain of BS. MS1 to MS5 complete their power control by FSPC, therefore each transmission power shown in Table 2 is different. Then, MS1 500 m away from BS, starts to move. CTR is measured at different speeds.
BS which has one antenna can estimate MS distance only. But, BS which connects three RRHs can estimate distance and position together. In Fig. 1 , RRH-A sends TPC to MS1 and measures CTR with (5). Then, from estimated speed with CTR, MS distance is calculated with respect to moving time. RRH-B, RRH-C cannot send TPC, but can inform RSSIs of MS1 for BS, then BS can estimate the position of MS1 with the ratio of these two RSSIs considering distance acquired by RRH-A. If RRH-B and RRH-C have same RSSI, MS1 is in the middle on red line of area2 in Fig. 1 . If RRH-C does not get any radiation from MS1, it means MS1 is within area1, 
Simulation Results
In Fig. 4 , position (1) means RRH-B and RRH-C cannot measure RSSI of MS1, in other words, RF signal from MS1 cannot reach RRH-B or RRH-C, therefore MS1 is somewhere in area4. For the position (2), RF signal from MS1 cannot reach RRH-C so that MS1 is in area1. For the position (3), the ratio 4:6 means the ratio between lineB and lineC is 6:4 in Fig.  4 so that MS1 is placed toward RRH-C on the red line. Target position can be calculated only when MS is in area2. CTR measured from RRH-A is 0.27 and it is matching 200 km/h in Fig. 2 . This calculation is summarized in Table 3 .
Conclusion
This work is motivated by the fact that MS speed has linearity with CTR calculated from adaptive power control algorithm. But MS position is unknown. This paper introduces that BS connecting three RRHs can estimate MS position with RSSI ratio together with MS distance using linearity between speed and CTR. One of RRHs provides CTR information for BS, the other two RRHs provide MS RSSI information for BS, then BS calculates MS distance and position approximately with given RSSI ratio.
Future work might be related to distance and ratio error boundary due to timing error. 
